DECLARATION 


Opposition to European Patent No. 120 694 
Patentee: Celltech Therapeutics Limited 

Opponent: Pharmacia AB 


I, Lars Abrahmsen, do hereby declare and state as follows: 

1. I am currently employed as a project team leader by Pharmacia & Upjohn in 
Stockholm, Sweden. I have the qualification of PhD. I have worked on production of 
proteins in bacteria since 1982 ancfl- am currently working on production of antibodies in 
E.coli. A copy of my curriculum vitae is attached. 

2. I have been asked to comment on the question of whether the opposed patent (EP 
120 694) and its GB priority document (GB 8308235) contain sufficient information to 
enable production of functional immuno globulins or functional immunoglobulin fragments 
in bacterial cells. I understand that the GB priority document was filed in March 1983 
and that the European application for the opposed patent was filed in March 1984. 

3 . I have read and am familiar with the opposed patent and the priority document and 
the submissions filed on behalf of Celltech on 6 June 1995 and 8 May 1996. 

The disclosures of the priority document and the patent 

4. Neither the priority document nor the patent contain Examples showing production 
of a functional immuno globulin or a functional immunoglobulin fragment in a single 
bacterial cell. The Examples in the priority document merely show separate expression 
of light and heavy chains in separate E.coli host cells. The Examples in the patent show 
production of light and heavy chains in the same E. coli host cell, but functional 
immunoglobulin was not obtained in the cell; rather, functional immunoglobulin was only 
obtained outside the cell after extraction and reconstitution of the chains (see pages 13-15 
of the patent). 

5. I believe that the reason that functional immunoglobulin was not obtained in a 
sin gl e bacterial cell is that, although the individual light and heavy chains were produced 
in the cell, they did not fold and assemble in the cell to give functional immunoglobulin. 
In order to produce functional immuno globulin in a single bacterial cell,.it is necessary to 
find a solution to this "folding and assembly" problem. I cannot find any appreciation of 
the problem in either the priority document or the patent, let alone guidance as to how the 
problem might be solved. 

6. The priority document contains almost no information of any practical use for 
bacterial production beyond what was already known before the priority date. Amster 
(DIO) shows the production of part of a light chain in a bacterial cell and Kemp (D16) 
shows production of part of a heavy chain in a bacterial cell, which is similar to what is 




shown in the priority document. The fact that Amster and Kemp describe production of 
only part of light and heavy chains is not important because, in order to produce complete 
chains, it would simply be necessary to replace the partial DNA sequences described in 
Amster and Kemp with complete sequences. 

Celltech’s and Genentech’s efforts 


7. There is strong support in addition to that in the priority document and the patent 
for believing that Celltech made a great effort to produce functional immunoglobulin in a 
single bacterial cell at around the priority date and the European filing date, but failed to 
do so because they failed to appreciate and to solve the folding and assembly problem. 
Such support is found in publications of the alleged inventors, namely Boss III (D44), 
Boss IV (D46) and Wood et al (including Boss) (D48). 

8. Boss III (D44) appears to correspond to the experiment described in the patent on 
pages 13-15. The document describes transformation of heavy and light chain DNA 
sequences into E.coli. However, both proteins were found as insoluble products and 
functional immunoglobulin was not produced in the cell. Functional immunoglobulin was 
only obtained after the intracellularly produced insoluble chains had been solubilised and 
associated outside the cells. 

9. In Boss IV (D46), when referring to their own experiments, the alleged inventors 
stated that: 

"These cloned heavy and light chains were expressed together in the same E.coli 
cells but not as functional antibodies" (page 12, left column, lines 12-10 from the 
bottom). 

10. The alleged inventors went as far as to say in Boss IV (D46) that their 

"results are disappointing and.suggest that E.coli is unlikely to prove useful for the 
production of functional antibodies" (page 12, right column, lines 6-8). 

11. In Wood (D48), the alleged inventors said the following with reference to their 
own work and the work of Cabilly et al (abstract): 

"The co-expression of light and heavy chains in Escherichia coli has been reported 
but functional antibodies were not assembled in vivo 6,7 . Furthermore, only low- 
level assembly of these chains was found in vitro ." 

Reference 6 mentioned in this quotation is Boss HI (D44) and reference 7 is 
Cabilly et al (1984) Proc. Natl. Acad. Sci. USA 81 3273-3277 (hereinafter referred to as 
"the Cabilly reference"). 


12. The Cabilly reference shows that the alleged inventors were not the only people 
who failed to produce functional immunoglobulin in a bacterial cell at about the time of 
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the priority date and filing date. Genentech also failed. The Cabilly reference, whose 
authors appear to be employees of Genentech and their colleagues, describes a method in 
which functional immunoglobulin was only obtained after in vitro reconstitution of chains 
produced in E.coli. It is clear from the last sentence of the Discussion on page 3277 that 
Cabilly et al appreciated the desirability of producing functional antibody in a single 
bacterial cell. Here it is stated: 

"In addition, the expression of pre-heavy chain (or pre-Fd’ segment) and pre-light 
chain in E.coli , yeast, and mammalian cells could be pursued to establish 
conditions for in vivo assembly of secreted antibodies." 

However, like the alleged inventors, Cabilly et al did not suggest any solution that 
enabled production of functional antibody in an E.coli cell. In the paragraph bridging the 
left and right columns on page 3276; Cabilly et al stated that: 

"There is, however, no detectable antibody activity in extracts of E.coli 
coproducing substantial levels of IgG H and L chains (Table 1). This may be due 
to the highly reducing intracellular environment (35,36), which inhibits disulphide- 
bond formation, and to the accumulation of gene products in insoluble "refractile 
bodies" in the cell, a phenomenon noted in many cases of exogenous gene 
expression in E.coli (37). It is also possible that E.coli is lacking a protein that 
might be required for in vivo formation of IgG (28)." 

13. Cabilly et al filed a patent application based on the work described in the Cabilly 
reference. This application is EP-A-125 023 (Genentech, D60). The Examples in the 
application confirm that Genentech did not produce functional antibody in a bacterial cell 
and that such antibody was only obtained after reconstitution of the chains outside the 
cell. 

The first public disclosures of production of functional immunoglobulin fragment in a 
bacterial cell 

14. I believe that the first publications of bacterial production of functional 
immunoglobulin fragments are Better (D52), Skerra and Pliickthun (D54) and possibly 
Cabilly I (D50). These documents were published more than 5 years after the priority 
date. 

15. The documents contain additional information regarding vector structure and 
culture conditions that enabled the folding and assembly problem to be solved. Before the 
documents were published, such information was not available to scientists working in the 
field and the priority document and patent do not contain such information. 
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Appendices A and B of Celltech’s submissions of 8 May 1996 


16. Celltech use Appendix A and Appendix B to support the argument that the priority 
document and the patent contain sufficient information to enable production of functional 
immunoglobulin and functional immunoglobulin fragments in a bacterial cell. However, 
the Appendices contain about '15 pages of text and 8 Figures which are not present in 
either the priority document or the patent. I would not find credible the suggestion that 
procedures along the lines set out in the Appendices are taught in the priority document 
and the patent. The Appendices contain much information regarding vector structure and 
culture conditions beyond what is taught in the priority document and patent. 

17. Incidentally, I do not believe that it is correct for the Patentee to assume that the 
"fact that the Ig chains secreted by the bacterial cells are humanised chains is irrelevant" 
(item 1.5 of Appendix A). The humanization of an antibody can for some reason 
increase its production level in E.coli by as much as 100-fold. In Carter et al (1992) 
Bio/Technology 10 163-167, it was found that (page 165, left column, first paragraph of 
the Discussion): 

"The humanised variable domains contribute significantly to the high titers since 
replacement with corresponding domains from the murine parent antibody reduced 
expression titers by 100-fold under the same fermentation conditions and by 10- 
fold under conditions optimised for expression of the chimeric fragment (R.K., 
B.S. and M.C., unpublished data). These dramatic differences in expression titers 
between humanized and chimeric molecules probably reflect many factors, which 
may include differences in the relative expression levels of light and heavy chains, 
kinetics of membrane transport, folding and association of light and heavy chains 
plus competing light chain dimerization." 

The yield of antibody obtained in Appendix A is very low and it is possible that 
the yield could be reduced even further if the antibody had not been humanized. 

Conclusions 


18. For the reasons given above, I do not believe that the priority document or the 
opposed patent contains sufficient information to enable production of functional 
immunoglobulin or immun oglobulin fragment in a single bacterial cell. It is necessary to 
find a solution to the folding and assembly problem to achieve such production. The 
priority document and patent do not appreciate the problem, let alone give guidance as to 
how the problem could be solved. Information necessary to solve the problem first 
became available about 5 years after the priority date. 

19. In view of the fact that the alleged inventors failed to achieve bacterial production 
and that they made statements at about the time of the filing date such as "E. coli is 
unlikely to prove useful for the production of functional antibodies" (Boss IV, 1985, 
D46), I do not find credible the argument by Celltech’s Patent Attorney that the alleged 
inventors’ disclosures in the priority document and patent provide sufficient information. 

I attach much more significance to the statements made by the alleged inventors and 
Genentech’s scientists at about the time of the filing date than to the arguments made now 
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by Celltech’s Patent Attorney over 10 years later. 

20. All statements made herein of my own knowledge are true and all statements on 
information and belief are believed to be true. 

This day of May 1996 _ 

Lars Abrahmsen, PhD 





CURRICULUM YITAE 


Name: Lars Bertil Abrahmsdn 

Bora: October 6th, 1957,. Stockholm, Sweden. 

Nationality: Swedish 


EDUCATION AND TRAINING 


1978-1982 


1982- 1983 

1983- 1988 


1988-1990 


Royal Institute of Technology, Stockholm, Sweden. 

Specialized in Chemistry, primarily organic, physical and biochemistry. My 
graduate thesis was in the latter subject involving the development of a 
positive selection system for cloning in Bacillus subtilis. 

Research Associate in Physical chemistry at the University of New Orleans, 
New Orleans, Louisiana, USA (1982-83). The work involved calculating 
molecular structures and writing programs in Fortran. 

Graduate student in Molecular Biology at the department of Biochemistry 
and Biotechnology, the Royal Institute of Technology. Thesis: "Different 
Strategies to utilize the staphylococcal protein A gene in the expression of 
recombinant proteins in bacteria." 

Post Doctorial research in Protein Engineering at Gonentech Inc., South San 
Francisco, California, USA in the laboratory of Dr. James A. Wells. The main 
objective was to turn the B. subtilis protease subtilisin into a peptide ligasc. 

I characterized four successful versions of such a peptide ligase and showed 
in a semisynthesis experiment that these are practically useful. 


EMPLOYMENTS 

1991- Pharmacia and Upjohn, previously Kabi Pharmacia, Pharmacia BioScience 

Center, previously KabiGen. Ab a molecular biologist. 
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